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Abstract 
This paper is focused on understanding the most important factors of UHI formation and their effects on urban population health 
with an emphasis on the considerable growth of both population and rapid urbanization of Tehran, Iran. To achieve this aim, this 
paper explores literally a conceptual framework about the relationship between UHI and human health. Then, it suggests three 
important strategies to minimise the impact of UHI on human health: achieving appropriate transportation for mitigating air 
pollution, providing appropriate landscape, increasing the albedo of building materials.  
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1. Introduction 
Climate change presents significant challenges in efforts to maintain and improve the health and well-being of 
people living around the world. Many of the environmental hazards exert a direct or indirect effect on the health and 
well-being of urban dwellers. One of the most important hazards which impact on health and quality of life is “urban 
heat island”. Urban heat island can directly affect health because high temperatures place an added stress on human 
physiology. Urban heat island will have wide-ranging impacts on society and the infrastructure that support 
civilization. It could impact not only agricultural and human health, but also patterns of human settlement, energy use, 
transportation, industry, environmental quality, and other aspect of infrastructure that affect our quality of life [1][ 2]. 
 
Thus, this paper investigates that which factors are caused UHI formation, especially in Tehran metropolitan, and 
then by recognizing some factors which have more effects on health, suggests some solutions from urban design 






     *Corresponding author. Tel.:  
     E-mail address: adiirfan@gmail.com 
Open access under CC BY-NC-ND license.
 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Universiti Teknologi MARA Perak and  Institution of
 Surveyors Malaysia (ISM)  
Open access under CC BY-NC-ND license.
62  P. Shahmohamadi et al. / Procedia Engineering 20 (2011) 61 – 70
 P. Shahmohamadi, A.I. Che-Ani, I. Etessam, K.N.A. Maulu, N.M. Tawil/ Procedia Engineering 00 (2011) 000–000 
2. Urban heat island analysis: the case of Tehran 
Tehran suffers from raised temperatures in the city core, generally known as the heat island effect. Raised 
temperatures, especially in summer, turn Tehran city centers into unwelcome hot areas, with direct effects on energy 
consumption for cooling buildings and morbidity and mortality risks for the population. These raised temperatures in 
the Tehran city centre derive from the altered thermal balances in urban spaces, mainly due to the materials and 
activities taking place in cities, by far different to those in rural areas. The increasing numbers of buildings and 
construction in Tehran have crowded out vegetation and trees. Thus, air temperature increases especially in high 
density areas. The general lack of vegetation and the low albedo of urban surfaces are strong characteristics of the 
formation of the heat island effect in Tehran metropolitan. Human activities taking place in Tehran urban areas are 
responsible for anthropogenic heat release (transport, space and water heating, cooling and etc.) and air pollution, the 
latter affecting clouds cover [3]. The combination of these factors determines the way in which heat is absorbed, 
stored, released and dispersed in the urban environment, expressed as a temperature increase in the urban area. 




Rapid urban expansion over the past two decades in Tehran resulted from a high population growth rate and 
increased rural urban migration combined with a strong tradition of centralization in the capital [4]. 
 
Air pollution is one of the more recent problems of Tehran threatening its habitant’s health which create by high 
urban population (Figure 1). Tehran’s air pollution problem is severe by world standards and the government of the 
Islamic Republic of Iran as a high priority environmental and health issue has identified it. It is known that between 65 
to 70 percent of total emissions are related to urban transport operations. Reported average concentrations of 
pollutants such as carbon monoxide (CO), particulate matter less than 10 micron diameter (PM-10) and sulfur dioxide 
(SO2), in the city center in 1998, were two to three times above average levels recommended by WHO/USEPA 
[5].The growth in number of vehicles over the last two years has made the situation even more severe (Table 1). 
 
Table 1. Annual average concentration of air pollutant in Tehranmetropolitan 
Source: Hestaie[5]. 
 
 CO (ppm) NO2 (ppb) SO2 (ppb) PM-10 (µg/m3) 
Average in 1999 9 39 48 112 
Estimated in 2010 26 300 200 200 











Figure 1: Air pollution in Tehran 
 
The problem is compounded by topographical (mountains to the north and the east) and climatological factors 
(sunshine, frequent temperature inversions), which favour photochemical transformation of volatile organic 
compounds (VOCs) and nitrogen oxides (NOx) to produce smog and tropospheric ozone. There are enough reasons to 
believe that the city suffers from high ozone concentration levels [5]. 
 
In summer time, compared with other seasons, air pollution is more serve, since in other seasons there is more wind 
and rain. But in cold seasons, when the phenomenon of inversion occurs, the cold air of higher layers prevents the 
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warm and polluted air to rise and this maximizes the air pollution leading to a crisis. On the contrary, lack of winds in 




Anthropogenic heat is a quite crucial factor in the Tehran heat island effect, because the per capita energy use and 
the population density are high. In certain high density areas, anthropogenic heat release can be equal to or even more 
than the solar input in winter and on some occasions in summer also, because of the high use of air conditioning 
systems [7].Due to human activities in the urban environment a lot of particulates are produced, mostly by industry, 
vehicles and the burning of fossil fuels for heating, cooling or electricity generation. The significance of each source 
varies according to the characteristics of each city [7]. In Tehran the major sources are: 1. Heat generation by cooling 
and heating buildings respectively in hot summer and cold winter; 2. Industrial heat generation; 3. Energy use in 
transportation. 
 
High density of buildings and population in Tehran, especially in the center and south areas, has increased amount of 
energy consumption. It goes without saying that increasing large number of buildings and population are caused that 














Figure 2: High density of buildings in Tehran andincreasing anthropogenic heat generation 
 
 
Industrial heat generation in Tehran is also contributed to the urban heat island. The most of Iranian industries 
include the manufacturing of automobiles, electrical equipment, military weaponry, textiles, sugar, cement, and 
chemical products, are headquartered in Tehran. There are more than 7000 industrial units in Tehran which have been 
established 30 percent in West, 54 percent in South and 16 percent in East [8]. Therefore, since Tehran has been 
surrounded with these industrial units, all the energy consumed by these industries is converted into heat, contributing 
to the urban heat island. 
 
The other source which is contributed to the Tehran urban heat island is energy use in transportation. The 
contribution of energy use in transportation to the heat island may be related to the size and the relative role of public 
transportation in it. It can be assumed that larger cities have more overall traffic, but the trips, and the energy they 
consume, are distributed over a larger area. However, more people and trips are concentrated in the center of larger 
cities, as compared with smaller cities. Thus energy input by transportation at the town’s center may be related to the 
size of the city. This effect may be modified by the type of the urban transportation system. Private cars consume 
more fuel and generate more heat, per passenger, than buses and electrical subway [9]. 
 
Tehran has a poor public transportation network. With considerable of growth of population, buses and metros 
cannot cover every area of the city. Most people are then obliged to use private cars which have created severe traffic 
congestion. Tehran city size is also large which has more overall traffic. Using private unmanned cars in large scales is 
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In rural areas which are attractive for human habitats, their main characteristic is the existence of vegetation, which 
tends to be a secondary characteristic in the urban environment. The existence of vegetation modifies the local 
climate, due to the latent heat flux produced by plants. The surface temperature of plants is usually not significantly 
different to ambient air temperature. Furthermore, they are also able to cause further cooling through 
evapotranspiration, the combined procedure of evaporation and transpiration happening simultaneously at the vegetal 
surface. When evapotranspiration occurs, a certain amount of water is lost from a cropped surface. The energy (heat) 
required to vaporize water is known as the latent heat of vaporization. This energy consumed during 
evapotranspiration is responsible for lowering the temperature of the air in the vicinity of plants. Apart from plants and 
water surfaces, porous surfaces, which absorb water (e.g. soil) account for quite significant latent heat flux in the 
atmosphere. Materials mostly used in the urban texture are generally waterproof. Rainwater in cities is mostly 
channelled away from the city system through sewers and not through latent flux from the surface [7]. 
 
Lack of porosity materials in urban surfaces and natural vegetation in Tehran has created an evaporation deficit in 
the city which is caused intensity of urban heat island. Destroying vegetation and green spaces and constructing new 
buildings instead and covering the urban spaces with waterproofing and low albedo materials increase air temperature. 
If building surfaces, which are greatly responsible for the formation of raised urban temperatures are covered with 
either high albedo materials or vegetation it is expected that urban temperatures could lower significantly. 
 
Thermal properties of fabric 
 
The heat capacity, and consequently thermal inertia, of urban construction materials such as concrete and asphalt is 
greater than that of natural materials found in rural environments. A greater heat capacity means that urban materials 
absorb and retain more solar radiation than do rural soils and vegetation [10]. 
 
By considering that the most of urban construction materials in Tehran are concrete and asphalt, these materials 
absorb and retain solar radiation in Tehran urban fabric [11]. At night, this stored heat is released slowly from the 
urban surface, contrary to the rapid heat escape from rural surfaces. Thus, the urban heat island intensity peaks several 
hours after sunset when rural surfaces (and consequently surface air temperatures) have cooled yet urban surfaces 
remain warm. If the difference in heating rates is great enough, rural air temperatures may equal or exceed urban 
temperatures. This reduces the urban heat island intensity to a daytime minimum, and may even generate an urban 
cool island [12]. 
 
Reflection of short-wave solar radiation is also affected by the properties of the urban fabric. Urban albedos are, on 
average, 5-10 percent lower than rural values [13]. This contributes to the greater diurnal absorption of short-wave 
radiation in urban areas. 
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Surface geometry 
 
The way of construction in city (urban form), which prevents transferring air, especially in high density fabrics of 
the Central Tehran, is caused urban heat island [3] (Figure 4). 
 
The complex geometry of Tehran urban surfaces is caused increasing air temperatures. Increased friction created by 
a rough urban surface reduces horizontal airflow in the city. Mean annual wind speeds within cities are approximately 
30-40 percent lower than mean annual wind speeds in the countryside [13]. Warm air stagnates in the urban canyons 
unless ventilated by cool rural air. Lower wind speeds in the city also inhibit evaporation cooling. The complex 
geometry of the urban surface changes the urban radiation budget. During the day vertical canyon walls trap (i.e. 
reflect and absorb) short-wave radiation. Night-time losses of infrared energy are also retarded due to the decreased 
sky view below roof level. Rural surfaces, on the other hand, are comparatively smooth and therefore experience 











Figure 4: High density fabrics in Tehran 
 
3. Conceptual framework: effects of urban heat island on human health 
UHI exerts a direct or indirect effect on the health and well-being of urban dwellers. Heat island can directly affect 
health because high temperatures place an added stress on human physiology. Changes in temperature and 
precipitation including extreme weather events can cause deaths directly, or by altering the environment, result in an 
increased incidence of infectious disease. Air pollution can be exacerbated by higher temperature and humidity [14]. 
UHI effect increases the possibility of the formation of smog which is created by photochemical reactions of 
pollutants in the air. The formation of smog which is highly sensitive to temperatures since photochemical reactions 
are more likely to occur and intensify at higher temperatures. Atmospheric pollution can be aggravated due to the 
accumulation of smog. In addition, the increased emissions of ozone precursors from vehicles and vegetation are also 
associated with the high ambient temperature. The UHI effect also involves the hazard of heat stress related injuries 
which can threaten the health of urban dwellers [15]. 
 
Figure 5 shows the most important factors of UHI formation, urbanization factors, and also the impacts of climate 
condition on urbanization to increase the UHI intensity. Therefore, formation of UHI over the city affect human 
health, air quality and energy consumption. 
 
As a matter of fact, by increasing the urbanization and construction, the percentage of UHI formation and then the 
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Figure 5: The effect of urbanization factors on formation of UHI and its negative impacts 
 
The environmental factors listed in Table 2 influence the heat loss components and should therefore be considered 
in assessing heat stress. 
 
Table 2. Environmental factors and their effects on the human heat balance 




Effect on Human Heat 
Balance 
Explanation 
Air Temperature T (Skin)>T (Air) 
T (Skin)<T (Air) 
-Convective heat loss from the skin to the environment 
-Convective heat gain from the environment to body skin 
Radiant 
Temperature 
Radiant heat exchange 
between skin and 
environment 
In the sun, radian temperature can easily exceed 
temperature, which results in radiant heat transfer from 
the environment to the skin  
Surface 
Temperature 
Conductive heat exchange 
(minor role) 
Not applicable 
Air Humidity Evaporative heat loss or gain The amount of moisture (not relative humidity) in the air 
determines whether moisture (sweat) in vapor from flows 
from the skin to the environment or vice versa 
Evaporation of sweat is the most important avenue for the 
body to dissipate its surplus heat 
Wind Speed Convection and Evaporation Heat exchange increases with increasing wind speed 
 
Figure 6 shows that by growing urban areas, temperature and air pollution increase which are caused UHI intensity 
















Figure 6: The process of UHI formation and its effects on human health 
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Heat stress 
 
The incidence and severity of many health problems increase with increasing temperature. As temperature increase, 
the body expends added energy to keep cool. The most immediate consequence, if the body’s temperature rises above 
41°C, is heat stroke. The disturbance to the temperature-regulating mechanism of the body results in fever, hot and dry 
skin, rapid pulse, and sometimes progresses to delirium and coma. Also, temperature stress can exacerbate many 
existing health conditions including cardiovascular and cerebrovascular disease, diabetes, chronic obstructive 
pulmonary disease, pneumonia, asthma, and influenza. Mortality from such diseases, especially among children and 
the elderly, increases dramatically during periods of unusually hot weather [14]. 
 
Extreme heat poses a threat to human life, health and well-being in a variety of ways. Table 3 shows extreme heat 
and its associated health impacts. It can damage health by leading to an increased risk of injury, illness, stress-related 
disorders and death. In addition, changing temperature and other weather variables also affect human health. Weather 
variables are associated with hospital admissions for respiratory diseases over certain periods [17, 18]. 
 
Table 3. Extreme heat and its associated health impacts 













are elevated beyond 
normal range 
-Increased 
growth and abundance 
of disease causing 
Organisms and/or 
vectors 
-Air quality is 
negatively affected 
-Dehydration 
-Heat-related illnesses (heat stroke, 
fainting, heat cramps, heat rash) 
-Existing medical problems made 
worse, such as asthma and 
allergies 
-Physical and mental stress 
-Respiratory and cardiovascular 
Disorders 
-Food-borne diseases 
-Vector-borne infectious diseases 
-Young children 
-Seniors (especially those who are 
bedridden, unable to care for themselves 
or socially isolated) 
-Chronically ill individuals 
-People with compromised health status 
-People living in areas with poor air 
quality 
-People working or exercising outdoors 
-People without access to air 
conditioning 
-People on certain medications 
 
 
Effects of air pollution on health 
 
Air pollution of Tehran should be seriously taken into account. For more than 30 years, officials are concerned about 
traffic problems that also endanger the health of Tehran’s residents. Air pollution, an exacerbating factor for 
pulmonary health conditions such as asthma and cardiorespiratory disorders, will probably increase as a result of 
climate change [14]. This will increase emissions of particulates (a cause of respiratory problems), toxic aromatic 
hydrocarbons (carcinogens), and sulphur dioxide (acid rain). 
 
Tehran has suffered from poor air quality since the oil boom decade of 70s, but a rapid population growth in the past 
15 years has made matters even worse. On some days, the pollution loading of the atmosphere is so high that the 
impressive Alborz Ranges become invisible from most vantage points [19]. It has been recently stated by Tehran’s 
Clean Air Committee that 10,000 people die every year due to air pollution related cardio-pulmonary disease. Shafie-
Pour and Ardestani [20] estimated that the total health damage from air pollution in major urban centres of Iran cost 
US$7 billion; equivalent to 8.4% of Gross Domestic Productivity (GDP); clearly making air quality a serious concern 
for this country.  
 
4. Healthy environment 
 No city today has quite healthy environment. There are some sources of pollutions in the city which can make it 
unhealthy. The most important of them are air pollution and higher temperature, can affect health directly. Therefore, 
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for achieving a healthy environment and reducing urban heat island effects, this article suggests three main 
recommendations from urban design perspective. As a matter of fact, by mitigation of UHI intensity through 
improving some urban design elements, it will be possible to move one step forward healthy environment and 
decrease the negative impacts of UHI on human health.  
 
Achieve appropriate transportation for mitigating air pollution 
 
The unrelenting growth of transport has become one of the greatest environmental threats facing Tehran, and a great 
obstacle to achieving sustainable development. The problem of congestion on the roads and environmental pollution 
are still with us in the 21 century, and condition may get worse before they improve. 
 
Therefore, this paper is recommended following suggestions in order to achieve the sustainable transportation and 
mitigate air pollutions in the city: 
 
 Make streets, lanes and paths more pleasant for walking (shaded path ways exclusively designated for 
 pedestrians and bicycles can be provided to encourage these modes of transport) 
 Bring services and facilities closer together to reduce need to drive and reduce distances 
 Expand bus and metro lane networks 
 Quality standards for bus and rail services 
 Encourage people to use public transport 
 
 
Providing appropriate landscape 
 
Sailor [21] considers that the low evaporative heat flux in cities is the most significant factor in the development of 
an urban heat island. When vegetation is placed on urban surfaces, thermal balances can shift to new conditions that 
are closer to the cooler conditions of rural areas. Furthermore, to reduce energy consumption, various types of trees 
and vegetation, as well as bodies of water, in different parts of the city and buildings must be considered. 
Therefore, this paper recommends using green spaces in vertical and horizontal layers. 
 
Vertical green spaces: green spaces in some parts of buildings and city that provide natural ventilation or 
appropriate landscapes in different layers or floors of buildings with a multiuse function can significantly decrease the 
energy required to cool buildings. 
 
Horizontal green spaces: green spaces on roofs absorb heat, decrease the tendency towards thermal air movement 
and filter air movement. 
 
Through the daily dew and evaporation cycle, plants on vertical and horizontal surfaces are able to cool cities during 
hot summer months. In the process of evapotranspiration, plants use heat energy from their surroundings when 
evaporating water. 
 
Increasing the albedo of building materials 
 
The albedo of a surface is responsible for the amount of solar radiation it absorbs. High albedo building surfaces 
(such as white ones) have been proven to cool down urban temperatures [22, 23, 24]. 
 
The selection of materials is significant for the thermal performance of building facades and the urban thermal 
environment. A material with high albedo can reduce the solar heat gain during the daytime. The surface temperature 
of the material is lower than that of a material with low albedo. Since the urban ambient temperature is associated with 
the surface temperatures of the building façade, lower surface temperature can obviously help decreasing the ambient 
air temperature and eventually contribute to better urban thermal environment. 
 
The results derived from a simulation revealed the variance of the surface temperatures of the building facades with 
different colors. The dark-color material can be up to around 7°C higher than the ambient air temperature while the 
light-color one is only around 2-3ºC higher than the air temperature. A simulation reveals that the cooling load 
increases as the color of the façade changes from lighter to darker. A reduction of 7.48% of cooling energy was 
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achieved when the color of the façade is changed from Alucobond Sparkling black to Alucobond pure white 
aluminum façade [25]. 
 
In multi-storeyed buildings, façade plays a major role in governing the cooling load of the building while roof has an 
important effect mainly on the top floor just below the roof. Therefore, this paper is recommended using high albedo 
and light color materials for facades and building covers in order to decrease the ambient air temperature and 
eventually contribute to better urban thermal environment. 
 
5. Conclusion 
Human health suffers from many aspects of urban heat island. It can directly impact on thermal stress, leading to 
cardiovascular and respiratory morbidity and mortality. The urban poor will be particularly subject to negative health 
effects of heat island. The percentage of the world’s population living in cities is expected to increase to 60% by the 
latter half of this century. This trend will certainly increase the risks to human health from disease and air pollution. 
 
As has been pointed out in this paper, Tehran suffers from climatic alterations, with main characteristic the raised 
temperatures in the city core, a phenomenon generally known as the heat island effect. Tehran city suffers more from 
the heat island effect during the hot season. With the morbidity and mortality risks these raised temperatures are 
responsible for, and the much greater amounts of cooling energy needed, it is an impossibility to talk about 
sustainability planning and policies in Tehran metropolitan, unless these temperatures are mitigated. 
 
It has been shown in this paper, that the ways to mitigate the heat island effect in Tehran, without altering the city 
planning, do exist. The only alterations that need to be done are on the building envelopes. By covering roofs and 
walls either with higher albedo and evapotranspiring surfaces, urban temperatures can decrease significantly. The 
latter can lead to greater temperature decreases, due to both plants’ higher albedo and evapotranspiration, which acts 
as a very effective cooler in the Tehran hot summer. By considering a micro-climatic study, the amount of vegetation 
placed on a building and its position (roofs, walls or both) is a more dominant factor than the orientation of the urban 
canyon. Canyon geometry plays a more important role than orientation, with green roofs and walls having a fainter 
thermal impact on wider canyons. Much healthier and more comfortable, from a thermal point of view, outdoors 
conditions are reached; the thermal sensation zones “hot” and “warm” are not reached when urban roofs and walls are 
covered with vegetation, leading to more pleasant and safer temperatures for urban dwellers. The other point which 
might be useful for mitigating the effects of Tehran urban heat island is to improve public transportation systems. 
 
Saving energy and decreasing energy demands, promoting environmental quality and air quality and protecting 
human health in urban spaces will be possible by decreasing the effects of urban heat island. 
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